The cortical response to local electrical stimulation of an adjacent point1) is known to be characterized by a surface negative-positive potential followed by a prolonged negative potential. CHANG2) considered the superficial dendrite as having property of slowly conducting fibers that were directly excited by the stimulation and named it the dendritic potential. PURPURA and GRUNDFEST3) explained that the dendrites were not capable of being excited by a direct cortical stimulation. Their conclusion was based upon the summation and on the blocking effect of the response after the administration of curarine. The nature of socalled dendritic potential (DP) has been identified as an action potential or a graded response4) of the electrically excitable dendritic membrane, and also postsynaptic potential of the apical dendrite. There are, however, some questions on the responding element in the present time, so it will be much more proper to adopt the designation of direct cortical response (DCR) 5) instead of dendritic potential. In these experiments little attention has been paid to the stimulus strength and the configuration of DCR. The study of strength-amplitude relation needs to be examined in greater detail and made available to interprete the complex response of the cerebral cortex.
Y. IWASE,
T. UCHIDA AND J. OCHI tip. Records were usually taken 1-2 mm away from the stimulating electrodes except the experiments at the far distance to 6 mm. The electrodes were embedded together in an acrylic block and the tips were bared in a plane (recording ones were set in a line midperpendicular to the stimulating pair) . By the set of the electrodes the record of DCR could be obtained without distortion, being prevented from mechanical injury, drying and change in local temperature throughout the whole experiment. Deviations in the response amplitude at a fixed stimulus strength were usually within 10%. The reference electrode was buried under the skin over the temporal muscle. Standard electrical instruments were used to record DCR, the time constant of the condenser-coupled amplifier being set at 30 msec in order to trace particularly the negative potential which is the main component.
In all records an upward deflection represents a negativity at the tip of recording electrode.
Temperature in the shield box was kept at 28°-30°C.
RESULTS
I. Slow potential and spike components of direct cortical response distinguished by the strength-amplitude relation; In agreement with the DCR reported by previous investigators, a surface negative potential appears followed by a positive potential in response to single maximal shock.
As seen in FIG. 1, two types of potential sequence are distinguished in reference to the amplitude and the time course.
When stimulation of low intensity (0.03 msec, 6 V in A, 1.5-2.0 V in B) is employed, the response is a monophasic negative potential of a small size of about 0.5 mV. This is designated as SP for its long duration of 20 msec or more. With slight increase in the stimulus strength (8-13 V in A, 3-6 V in B), a different type of response begins to appear as soon as the response exceeds the maximal value of SP. This is defined as the spike-like potential component, caused by the massed generation of the action potential with the duration of 3 msec, judging from the measurement of the refractory period mentioned below. Then, with progressive increase of stimulus strength (10-40 V), the high amplitude spike of about 8 msec duration is induced in which SP component is masked by a prominent spike component occurring simultaneously. FIG. 2 shows stimulus strength-amplitude curves obtained from five experiments. The amplitude of response is increased with stimulus strength, and quickly reaches the maximal value which remains constant in spite of further increase in the stimulus intensity. On occasion a slight decrease in the amplitude may result from supramaximal stimulation. Various amplitudes ranging 1.5-3.5 mV can be recorded with the maximal stimulations in different preparations. It is probable that the maximal amplitude of response is classified into two groups of 2.5-3.5 mV and 1.5-2.0 mV. The well-developed response of large size is recorded, when the cortex is in good condition. Under certain condition, for instance, when the cortex is deteriorated, a high amplitude response is never elicited even by a maximal stimulation. Medium amplitude response caused by The response, namely the resultant of the two components, will decrease in amplitude to 1.0-2.0 mV, if the spike component cannot grow large enough to be recognized as a typical spike component.
It seems highly likely that the condition of cortex is associated with the amplitude of spike component making a prominent part of the response. II.
Refractoriness and summation of the maximal response; A maximal or supramaximal conditioning stimulation was followed at varying delay by a test stimulus.
In the case of high amplitude response exceeding 3 mV, the response does not change in size and configuration within 3 msec of stimulus interval (FIG. 3 A) . This interval means the absolute refractory period. In another paper7), it will be reported that further separation (7 msec or more) of conditioning and test stimuli results in gradual recovery of the test response, corresponding to a relative refractory period of 15-30 msec. does not produce a summation. A response at 1 mm which is reduced to 80 % at 2 mm undergoes a summation of 120-150% . Therefore the reduction rate at the distance of 2 mm is a good index to judge the type of responsiveness, while the absolute value of response is an inadequate one, because the amplitude usually varies in different experimental conditions. III. Superposition of SP and spike; Temporal interaction of SP and spike component was studied by stimulating successively the same or different site near the recording point with two stimulators.
Practically the same results were obtained as shown in FIG, 6A and B. If the SP evoked by weak stimulation precedes the spike response induced by maximal stimulation, the summation of these potentials can always be observed without refractoriness, i.e., the resultant amplitude is almost equal to the sum of both component amplitudes. This demonstrates that SP preceding spike does not make refractory the electrically excitable membrane of responding element. However, the spike is more or less depressed when it follows at a delay of 3-6 msec. If the spike precedes the SP, stimulus intervals less than 5 msec usually lead to a superposed spike response upon the SP. These phenomena can be taken as another evidence supporting the two-component hypothesis of DCR. In the same preparation as B, a distinct refractoriness was shown between maximal paired responses (FIG. 6C) 
SUMMARY
The direct cortical response (DCR) recorded from the motor cortex has been studied in rabbits. The results should be interpreted as suggesting that the so-called dendritic potential can be analysed into its component potentials: spike component with a steep rising phase and high amplitude; and slow component (SP) with a slower rise, more variable time course and low amplitude. 1. In experiments of various stimulus strengths the SP occurs generally at weak stimulus, while the high amplitude response appears at strong one . As soon as the response exceeds about 0.5 mV which is usually the maximal value of SP , spike begins to appear, which finally reaches its maximal value with increase in the stimulus intensity. 2. The spike component produced by maximal stimulation holds an absolute refractory period of about 3 msec. This indicates the spike component is an action potential of the responding neurones, presumably of the apical dendrites . On the other hand, SP which can summate without refractoriness shows a behavior of the graded response or postsynaptic potential . No satisfactory evidence has been found to identify the structure responsible for SP . 3. Deterioration of the cortex prevents the spike from its ample development even by a maximal stimulation. In such a case an incomplete summation can be observed which, however, is considered to be a complete summation of the SP component in the response. 4. From the distance-amplitude relation, the larger is the reduction rate (A1-A2/A1 • 100) the more the spike component is contained in the response , while the
